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SOLUTIONS  OF  SILVER  PERCHLOEATE  IN  BEIJZEUE 
Introduction 

Silver  perchlorate  dissolves  in  benzene  in  moderate  amounts 
at  ordinary  temperatures  and  in  large  amounts  at  higher  tempera- 
tures.    Such  a  behavior  is  very  unusual  because  inorganic  salts 
seldom  dissolve  to  any  great  extent  in  non-ionizing  solvents,  such 
as  benzene.    This  unusual  behavior  renders  the  system  well  worthy 
of  further  study.    The  present  investigation  covers  the  preparation 
and  purification  of  silver  perchlorate  and  a  beginning  upon  the 
study  of  its  solutions  in  benzene. 

Preparation  of  materials 
Benzene.-  Eimer  and  Amend 's  "thiophene  free"  benzene  was 
washed  three  times  in  a  separatory  funnel  with  fresh  portions  of 
concentrated  sulphuric  acid.    The  acid  of  the  last  washing  was 
colored  only  a  light  yellow.    The  benzene  was  then  washed  with  di- 
lute sodium  carbonate  solution  and  with  water.     The  resulting  mate- 
rial, which  was  free  from  thiophene  and  unsaturated  hydrocarbons, 
was  dried  over  calcium  turnings  until  no  more  hydrogen  was  given 
off  on  shaking.     It  was  then  distilled,  care  being  taken  to  exclude 
moisture  from  the  receiver  by  means  of  a  calcium  chloride  tube. 
All  stoppers  were  of  cork  covered  with  tin-foil. 

The  benzene  used  in  the  determination  of  the  euctectic 

1 

point  was  purified  as  described  by  Richards,  except  that  the  wash- 
ing with  sulphuric  acid  was  carried  out  only  four  times  and  the 
crystallization  three  times.  This  benzene  was  then  found  to  have  a 


1.     Jour.  Am.  Chem.  Soc.  36,  1825.  (1914). 


2. 

constant  freezing  point  on  a  Beckmann  thermometer. 

Perchloric  acid.-  Silver  perchlorate  was  not  on  the 
market;  and,  owing  to  the  European  War,  neither  could  perchloric  • 
acid  nor  any  of  its  salts  "be  obtained.     It  was  therefore  first 
necessary  to  prepare  some  perchloric  acid. 

There  are  three  methods  of  preparing  perchloric  acid: 

1 

1.  By  the    action  of  sulphuric  acid  upon  potassium  perchlorate. 
2 

2.  By  the  action  of  hydrochloric  acid  upon  sodium  perchlorate. 
3 

3.  By  the  oxidation  of  ammonium  perchlorate  by  hydrochloric  and  ni- 
tric acids.     Since  ammonium  perchlorate  was  not  on  the  market,  and 
neither  sodium  chlorate  nor  perchlorate  were  at  hand  in  the  labora- 
tory, it  was  found  necessary  to  use  the  first  method.     Since  potas- 
sium perchlorate  could  not  be  procured,  it  had  first  to  be  made 
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from  the  chlorate  by  heating.     The  potassium  chlorate  was  heated  in 

a  flask  of  500  cc.  capacity  in  a  lead  bath  until  the  effervescence 
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was  somewhat  rapid.    The  temperature,  about  400  ,  was  maintained  by 
means  of  a  blast  lamp  until  the  mass  solidified,  which  was  usually 
in  abou^  xhree  hours.     The  mass,  consisting  of  potassium  perchlo- 
rate, chloride  and  undecomposed  chlorate,  w^s  allowed  to  cool  and 
the  salt  was  removed  by  breaking  the  flask.     It  was  powdered  in  a 
mortar,  treated  with  concentrated  hydrochloric  acid,  and  boiled 
gently  on  an  electric  hot  plate  until  a  paste  remained. 

1.  Roscoe,  Jour,  of  the  Chem.  Soc.  16,  82.   (1863);  Michael  and 
Conn,  Am.  Chem.  Jour.  23,  444.   (1900);  Vorlander  and 
Schiller,  Ann.  der  Chemie  310,  369.  (1900). 

2.  Mathers,  Jour.  Am.  Chem.  Soc.  32,  66-71.  (1910). 

3.  Willard,   Ibid.  34,  1480-1485.  (1912). 

4.  Roscoe  and  Schorlemmer,  v.l.    p.  235» 


3. 

If  a  S6imple  gave  the  test  for  chlorate  (a  yellow  color  accompanied 
by  explosive  evolution  of  oxides  of  chlorine)  on  treatment  with 
concentrated  sulphuric  acid,  the  treatment  with  hydrochloric  acid 
was  repeated.     Three  treatments  were  usually  necessary.     The  excess 
of  acid  and  the  chloride  were  then  washed  out  thru  a  filter  on  a 
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Buchner  funnel  and  the  salt  was  dried  in  an  oven  at  100  • 

The  preparation  of  perchloric  acid  was  carried  out  essen- 
tially as  described  by  Vorlander  and  Schiller,  except  that  lower 
pressures,  and  consequently  lower  temperatures  were  used  in  the  dis- 
tillation. 


The  still  is  represented  by  the  figure.    A  is  a  bath  of 
oil  which  could  be  heated  to  200°  without  much  volatilization.  C 
and  D  are  rubber  stoppers  coated  with  water  glass.    These  stoppers 
could  be  used  for  only  one  distillation.     It  was  found  the  water 
glass  asbestos  stoppers  recommended  by  Vorlander  and  Schiller  were 
inconvenient  because  they  adhered  firmly  to  the  glass.     The  con- 
denser was  water  cooled.    The  receiver  was  cooled  with  ice  and 
sodium  chloride.    The  rubber  connection  B  was  made  as  short  as  pos- 
sible, for  the  oxides  of  chlorine  which  form  on  decomposition  of 
the  acid  act  rapidly  on  the  rubber.    Air  could  be  let  into  the 
system  by  means  of  the  pinch  cock  F  without  stopping  the  pump.  The 


4. 

manometer  was  attached  to  the  side  neck  of  the  safety  flask  G,  to 
the  bottom  of  which  ran  the  pump  connection.    An  ordinary  water  as- 
pirator was  used.     Care  was  taken  to  have  the  condenser  and  receiver 
perfectly  dry,  as  the  solid  mono-hydrate  which  the  acid  forms  with 
water  was  apt  to  clog  the  connections  and  cause  an  explosion* 

Fifty  grams  of  potassium  perchlorate  and  175  cc.  95-97% 
sulphuric  acid  were  charged  into  the  flask  and  the  hath  was  slow- 
ly heated  to  50°  and  the  pump  started.    After  the  effervescence 
moderated  the  temperature  was  gradually  raised  to  120?  where  most  of 
the  perchloric  acid  distilled  over.     Foaming  was  prevented  by  open- 
ing the  cock  F.     It  was  then  usually  found  best  to  cool  the  distill- 
ing flask  by  lowering  the  oil  bath  and  to  continue  the  distillation 
at  a  constant  temperature.    After  the  foaming  ceased  the  temperature 

0 

was  gradually  raised  to  170  ,  where  it  was  maintained  for  half  an 
hour.    The  distillation  must  not  be  too  rapid  at  any  time,  especial- 
ly at  120°,  for  the  perchloric  acid  is  condensed  with  some  diffi- 
culty, and  rapid  distillation  may  result  in  an  explosion.  Incom- 
plete removal  of  the  chlorate  from  the  potassium  perchlorate  was 
sometimes  a  source  of  trouble.     The  manometer  was  carefully  watched, 
as  any  increase  of  pressure  in  the  system  usually  meant  trouble.  In 
such  instances  F  was  opened  and  the  stopper  C  removed  as  quicicly  as 
possible.     The  operator  of  the  still  found  it  advantageous  to  wear 
a  mask  of  felt  with  openings  covered  with  heavy  glass  for  the  eyes. 

The  yield  was  about  twenty  grams  of  light  yellow  anhydrous 
acid,  which  was  immediately  poured  carefully  into  water.     This  solu- 
tion was  then  distilled  under  a  pressure  of  15-20  mm. ,  the  excess 
water,  which  distilled  over  first,  and  the  last  twenty  cc.  of  about 
500  cc.  distillate  being  discarded.     The  distillate  was  HCIO  *2H20. 
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Bumping  v/as  lessened  by  means  of  broken  tile  and  capillaries. 


Silver  perchlorate. - 


The  preparation  of  silver  perchlo- 


rate  was  carried  out  as  described  by  Carhart,  Willard,  and  Henderson 
The  nitric  acid  was  distilled  off  under  15-30  mm.  pressure.  The 
flask  used  had  a  ground  glass  stopper  with  a  delivery  tube  which  ran 
thru  the  side  of  the  oven  in  which  the  flask  was  heated.    A  safety 
flask  was  arranged  as  shown. 


A  is  a  cock  for  letting  air  into  the  system  without  passing  it  thru 
the  rubber  tubing  on  which  the  hot  nitric  acid  acts  to  form  a  yellow 
substance  which  reduces  the  silver  perchlorate  when  it  is  sucked 
back  into  the  flask.    Y/hen  one  charge  was  finished  the  bulb  of  the 
flask  was  cut  off  and  the  silver  perchlorate  removed  by  breaking  the 
bulb.     The  glass  stoppered  neck  was  used  again  by  sealing  on  another 
bulb.     The  crude  silver  perchlorate  was  pulverized  in  a  mortar  and 
crystallized  from  benzene  of  the  grade  80-82°  to  free  it  from  sul- 
phate and  chloride.    S'l^tration  was  carried  out  by  suction  thru 
an  alundum  crucible. 


was  driven  off  at  40  •     Too  rapid  heating  of  the  crystals  while  wet 
with  benzene  causes  reduction,  sometimes  explosive  in  violence. 
Drying  reduced  the  crystals  to  a  powder. 


The  benzene  remaining  on  the  crystals  after  centrifuging 
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1.  Trans.  Am.  Elect.  Chem.  Soc.  9,  375. 
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Attempts  were  made  to  crystallize  the  salt  from  water, 
but  a  clear  solution  could  not  be  obtained  owing  to  hydrolysis  with 
the  consequent  production  of  silver  hydroxide."'" 

Solubility  of  silver  perchlorate  in  benzene. 

Two  250  cc.  bottles  of  resistance  glass  were  filled  about 
an  incji  deep  with  silver  perchlorate,  a  few  quartz  beads  were  intro- 
duced, and  the  bottles  were  then  almost  filled  with  benzene. 

Both  were  heated  to  about  50°  and  were  shaken  until  the 
benzene  was  saturated,  and  one  solution  was  cooled  until  benzene 
crystals  began  to  separate.     The  glass  stopper  was  held  in  place  by 
a  piece  of  soft  rubber  tubing,  one  end  of  which  was  slipped  over  the 
neck  of  the  bottle  and  the  other  drawn  over  the  top  of  the  stopper 
and  wired  to  the  neck.    The  whole  was  then  coated  with  a  mixture  of 
beeswax  and  rosin  and  rotated  in  a  thermostat  for  a  week  at  a  con- 
stant temperature. 

The  solution  for  analysis  was  collected  in  a  50  cc. 
pipette  provided  with  an  alundum  filter  tip.     Dry  air  was  forced  into 
the  bottle  and  the  solution  was  forced  up  into  the  pipette  thru  the  | 
alundum  filter.     The  solution  was  then  poured  into  a  weighed,  glass- 
stoppered  Erlenmeyer  flask  and  weighed.     The  benzene  was  evaporated 
by  placing  the  flask  on  an  electric  hot  plate  at  about  40°  and 
passing  dry  air  over  the  surface  of  the  solution.    The  air  was  passed 

1.  Serullas,  Ann.  de  Chem.  et  de  Physique  (E)  46,307, 
recommends  the  crystallization  from  alcohol  of  all  salts  of  perchlo- 
ric acid,  but  it  was  found  that  the  alcohol  reduced  silver  perchlo- 
rate even  when  the  solution  was  warmed  to  only  40°,  and  that  evapora- 
tion and  cooling  formed  a  syrjrp  from  which  the  alcohol  had  finally  to 
be  removed  at  room  temperature  by  a  vacuum. 
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thru  a  soda-lime  tower,  a  chromic  acid  solution,  and  finally  thru 
concentrated  sulphuric  acid  to  remove  all  reducing  agents  and  mois- 
ture.    The  tube  entering  the  solution  flask  passed  thru  a  glass  cap 
which  excluded  the  dust  of  the  atmosphere. 


ciir 


The  temperature  of  the  solution  should  not  at  any  time 
exceed  40°  until  all  the  benzene  has  evaporated  since  hot  silver 
perchlorate  which  is  moist  with  benzene  is  apt  to  explode.  After 
all  the  benzene  has    evaporated  the  temperature  may  be  gradually 
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raised  to  100  .     The  flasks  were  then  weighed  and  the  weight  of  sil- 
ver perchlorate  dissolved  in  100  grams  of  benzene,  calculated.  The 
results  follow. 

Solubility  of  silver  perchlorate  in  benzene. 


Temperature 

16.7 

16.3 

16.6 

25.0 
32.15 

37.8 


Wt.  AgC104  in  100  gr.  benzene. 


Heated  solution 

6.2547  gr. 

6.7833 

6.4227 

5.9408 
11.9087 

20.7567 

.  20.9788 


Cooled  solution 


5.6160 
10.3052 

9.1167 

11.2997 


8. 

Two  and  three  phase  liquid  systems. 

During  the  crystallization  of  the  silver  perchlorate  from 
benzene  two  liquid  phases  were  sometimes  obtained,  and  once,  three 
liquid  phases.     This  happened  when  dissolving  the  salt,  which  is 
very  deliquescent,  in  benzene  after  exposure  to  the  air.    A  second 
liquid  phase  sometimes  appeared  when  a  solution  was  exposed  to  the 
air  for  three  or  four  days.    Two  liquid  phases  were  once  obtained  on 
pouring  a  hot,  concentrated  solution  of  the  salt  into  a  beaker  con- 
taining a  few  drops  of  water.     Over  100  cc.  of  the  heavier  layer  was 
formed. 

Analysis  of  the  three  liquid  phases  once  obtained  gave  the 

following: 

Temperature,    48.86  1st  layer       2nd  layer      3rd  layer 

Gr.  AgClO^  per  100  gr.  benzene,     5.6054  8.6394  10.8194 

The  three  liquid  phases  were  observed  over  a  range  of 
four  or  five  degrees.     Since  C  -  P-fF  -  2,  and  P  -  4  and  F  x  1,  them 
must  be  at  least  three  components,  viz.,  silver  perchlorate,  benzene, 
and  water. 

Rough  determinations  of  the  boiling  points  of  solutions 
of  various  concentrations  of  silver  perchlorate  in  benzene  were  made. 
The  boiling  points  of  such  solutions  always  appeared  to  be  approx- 
imately the  same  as  that  of  benzene.    A  boiling,  saturated  solution 
was  not  obtained  at  any  time.     The    system  remained  liquid  as  long 
as  any  benzene  remained.    If,  when  the  benzene  was  reduced  to  a  cer- 
tain concentration,  the  solution  was  heated  too  rapidly,  explosions 
resulted. 
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The  euctectic  point. 

Benzene  was  frozen  with  solid  carton  dioxide  and  alcohol 
and  groiind  in  a  chilled  porcelain  mortar.     It  was  then  placed  in  a 
Dewar  tube  and  a  Beclnnann  thennometer  inserted.     The  crystals  were 
stirred  imtil  the  temperature  ceased  to  rise  and  became  constant. 
At  this  point  there  was  an  intimate  mixture  of  benzene  crystals  and 
liquid.     The  liquid  was  poured  off  and  more  crystals  added.  The 
temperature  fell  and  gradually  rose  again  to  the  same  constant  tem- 
perature as  before.     This  temperature  was  the  freezing  point  of 
benzene  on  the  Beckmann  thermometer. 

Benzene  crystals  were  frozen  and  introduced  into  the  Dewar 
tube  as  before,  and  cooled  silver  perchlorate  added.     The  mixture 
became  solid.    As  the  temperature  rose  it  became  soft,  and  finally, 
when  the  solution  appeared,  easy  to  stir.    At  this  point  the  tem- 
perature became  constant.     Addition  of  cooled  benzene  crystals  or 
silver  perchlorate  caused  a  drop  of  the  temperature,  which  gradually 
rose  again  to  the  euctectic  point. 

Results. 

Beckmann  reading  (benzene  alone)  4.572. 
Beckmann  reading  (benzene  and  silver  perchlorate)  4.555. 
Lowering  0.257. 
Stem  temperature  21.0. 
Lowering  corrected  for  stem  exposure  and  setting  0.258. 
Melting  point  of  benzene  (Richards)^  5.485. 
Euctectic  point  for  silver  perchlorate  and  benzene  5.246. 
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A  sample  of  the  solution  from  the  euctectic  mixture  was 
taken  in  the  same  manner  as  the  samples  for  the  determinations  of 
solubilities  at  higher  temperatures.    Analysis  by  the  same  method 
gave  the  following  results; 

Trial 

Grs,  AgClO^  in  100  grs.  benzene  at  the  euctectic  point,  1  3.2169 

2  5.1246. 

At_,  the  freezing  point  lowering  due  to  the  presence  of 
the  silver  perchlorate,  may  be  calculated  from  the  Raoult-Van't 
Hoff  equation, 

in  which  R  is  the  gas  constant,  T      is  the  freezing  point  of  the 
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solvent  on  the  absolute  scale,  L      is  the  molal  heat  of  fusion  of 

^0 

the  solvent,        is  the  number  of  moles  of  the  solute  in  1000  grams 
of  the  solvent,  and  N  is  the  number  of  moles  of  the  solvent  in  1000 
grams.     IT^  may  be  calculated  from  the  data    on  the  solubility  at 

the  euctectic  point,  while  K  is  1000       where  M  is  the  molecular 

M 

weight  of  benzene.    The  calculated  value  of  the  freezing  point 
lowering, ^ t^,  is  0.766;  the  observed  value  is  0.238.    The  differ- 
ence is  accounted  for  by  association  of  the  silver  perchlorate 
molecules.    The  degree  of  association  may  be  calculated  by  substi- 
tuting     m    for  E    in  the  above  equation,  where  m  is  the  mass  of 
salt  in  1000  grams  of  benzene,  andoCis  the  average  number  of  asso- 
ciated molecules;  and  putting  At^  equal  to  0.238,  the  observed 
lowering.     The  value  ofoi  ,  calculated  by  this  means,  is  3.27. 
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Conclusions. 

1.  Silver  perchlorate  dissolves  readily  in  benzene. 

2.  Equilibrium  is  not  attained  in  a  week  with  a  moderate 
excess  of  silver  perchlorate. 

3.  The  presence  of  water  results  in  the  formation  of  two, 
and  sometimes  three,  liquid  phases. 

4.  The  euctectic  point  of  silver  perchlorate  and  benzene 
is  5.245^    At  this  point  the  solution  contains  51.707  grams  silver 
perchlorate  per  1000  grams  of  benzene. 

6.     Silver  perchlorate  raises  the  boiling  point  of  benzene 
less  than  one  degree. 

6.  Boiling,  saturated  solutions  of  silver  perchlorate  in 
benzene  have  not  been  obtained. 

7.  The  average  number  of  associated  molecules  is  3.27. 
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